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NOTICES. 


The Institution as a body is not responsible for the statements of opinion 
expressed in any of its publications. 


Copyright.—Publication of abstracts of Papers and articles appearing in the 
Journal is permitted, provided that acknowledgment is made to the Institution 
of Petroleum Technologists. 

Papers and Articles.—The Council invites Papers and Articles both for reading 
at Ordinary Meetings of the Institution and for publication in the Journal. All 
Papers, whether for reading or publication, will be submitted to a referee appointed 
by the Publication Committee. 

The Institution has published a brochure “ Instructions for the Guidance of 
Authors" containing details of recommended practice in the preparation of Papers 
for publication. Copies of this brochure will be supplied on request. 
Pre-Prints.—Advance proofs of Papers to be read at Ordinary Meetings are 
generally available about a week before the Meeting. Members wishing to be sup- 
plied with these pre-prints are requested to notify the Secretary. 
Abstracts.—Members and Journal Subscribers desirous of receiving the Abstracts 
printed on one side of the paper only, can be supplied with these at a charge of 10s. 
per annum per copy, payable in advance. 

Issue of Journal.— Members whose subscription is not in arrear receive the Journal 
free of cost. A member whose subscription is not paid by March 3lst of the year 
for which it is due is considered to be in arrear. 

Changes of Address.—Members are requested to notify any change of address to 
the Secretary. 

Benevolent Fund.—The Benevolent Fund is intended to aid necessitous persons 
who are or have been members of the Institution, and their dependent relatives. 
The Fund is raised by voluntary ennual subscriptions, donations, and bequests, 
and all contributions should be sent to the Secretary of the Institution at Aldine 
House, Bedford Street, London, W.C.2. The Fund is administered by the Council 
through the Benevolent Fund Committee, and all applications in connection therewith 
must be made on a special form which can be obtained from the Secretary of the 
Institution. 

Appointments Register.—A register of members requiring appointments is kept 
at the offices of the Institution, and every effort is made to assist members of the 
Institution in search of employment. 

Members who desire their names and qualifications to be included in this register 
are requested to apply to the Secretary for the Form of Application for Registration, 
if they have not already done so. Members residing in the London area are asked, 
if possible, to return this Form in person and make themselves known, together with 
their requirements, to the Secretary. It is also requested that members should notify 
the Secretary immediately they have obtained an appointment. 

In submitting names of candidates to prospective employers it is understood that 
the Institution accepts no responsibility and gives no guarantee. 

.—The Institution’s Library may be consulted between the hours of 
9.30 a.m. and 5 p.m. daily. (Saturdays, 9.30 a.m. to 12 noon.) 
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iv INSTITUTION NOTICES. 


NEW MEMBERS. 


The following have been elected or transferred, subject to confirmation leum 
in accordance with By-Laws, Sect. IV, paras. 14-15, since the last issue of and | 


the Journal. Th 
Members. As M 
Brae, Alfred John ... ... Manchester. 
Borwick, Henry Barton ... own ... Australia. Brat 
Demovutins, Henry Dieudonne ... ees ... Fawley. Chi 
Fenske, Merrell Roberts ... ons ... Pennsylvania. Cox, 
Herrine, Percy Henry... ... East Molesey. Fir 
Lams, Maurice Frederic... ... New Zealand. 
Mackie, William Frederick Charles wes we ... Mexico. 
MatHerse, Gideon John ... one ... New York. Cor 
Swanson, Harry Robert ... ows sei ate oun ..» New York. 
THORNBURY, William Madison ... ... Mosul, As Ai 
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Epwarps, Stanley Haines... ioe New Zealand. As T 
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As Si 
Transfer to Associate Members. Brow 
Dartey, Henry Cecil Hastings 
LEENDERTSE, Jacob Jan ... Delft. Hout 
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INSTITUTION NOTICES. v 


NOMINATIONS FOR MEMBERSHIP. 


The following nominations for membership of the Institution of Petro- 
leum Technologists were approved by the Council on 10th December, 1935, 
and the Application Forms may be seen at the office of the Institution. 


The names of Proposer and Seconder are given in parentheses. 


As Members. 

Bennion, John Edward, Manager, Shell-Mex & B.P. Ltd., Sunlight House, Quay 
Street, Manchester. (J. Kewley; A. E. Dunstan.) 

BraiLeaNnv, Ion G., Engineer, Astra Romana, Boldesti, Prahova, Rumania. (J. L. 
Chaillet; J. E. Treacy.) 

Cox, Perey Thomas, Geologist, c/o Anglo-Iranian Oil Co., Ltd., Britannic House, 
Finsbury Circus, E.C.2. (E. C. Brewster; H. 8S. Gibson.) 

Goprrey, William Edgar, Manager, Research Station, c/o Anglo-Iranian Oil Co., Ltd., 
P.O. Box No. 1, Chertsey Road, Sunbury-on-Thames, Middlesex. (A. E. Dunstan; 
F. B. Thole.) 

Lesiiz, Robert Wilson, Director of Research & Development Dept., c/o Skelly Oil 
Company, E] Dorado, Kansas, U.S.A. (C. K. Francis; J.T. Hayward.) 


As Associate Members. 

Dean, Cecil Perey, Production Assistant, c/o Cia Petrolera Lobitos, Lobitos, Peru, 
South America. (J. Henry; G. E. Owles.) 

Serron, Ronald, Chemist, 42, Cephas Street, Mile End, E.1. (J. Kewley; W. B. 
Heaton.) 


As Transfer to Associate Members. 

Hostey, Charles Edward, Geologist, c/o Caribbean Petroleum Co., Maracaibo, Vene- 
zuela, South America. (G. 8. Taitt; W.G.C. Tomalin.} 

Liypsay, John Alexander, Engineer, 1, London Wall Buildings, E.C.2. (W. B 


Heaton; R. Beaumont.) 
SanasterR, Eric Bruce, Student, 61, Selly Park Road, Selly Park, Birmingham. 


(A. W. Nash; L. V. W. Clark.) 


As Students. 

Brown, Guido Waldo Herbert, Cracking Plant Operator, c/o Trinidad Leaseholds, 
Ltd., Pointe-a-Pierre, Trinidad. (B.G. Banks; J. T. T. Robinson.) 

DE Nie, Willem Leendert Johannes, Assistant, Petroleum Dept., van Leeuwenhoek- 
singel 24, Delft, Holland. (H. I. Waterman; W. J. Hessels.) 

Hotsrook, Edward Morison, Student, The Rosery, 109, Oakfield Road, Selly Park, 
Birmingham. (A. W. Nash; L. V. W. Clark.) 

Jenninos, William Munro, Jr. Student, 21, Marksbury Avenue, Richmond, Surrey. 
(S. Bowrey; P. Driver.) 

Moore, Philip Harold, Student, Chancellor's Hall, Augustus Road, Edgbaston, 
Birmingham. (A. W. Nash; L. V. W. Clark.) 

Nissan, Alfred Heskel, Student, 200, Lichfield Road, Birmingham, 6. (A. W. Nash; 
L. V. W. Clark.) 

Tat, a ig Ba, Student, The University, Edgbaston, Birmingham. (A. W. Nash; 
L. V. W. Clark.) 

VeRDONK, Gijsbert, Student, Piet Heinstraat 38/40, Delft, Holland. (H.I. Waterman; 
J. B. Nieman.) 

pE VerTEvIL, Louis Rene, Student, c/o Apex (Trinidad) Oilfields, Ltd., Siparia P.O., 

Trinidad. (G. H. Scott; A. H. Richard.) 


APPLICATION FORMS FOR ADMISSION. 


The Council desire to direct the attention of members who Propose or 
Second an Application Form for admission to the Institution to the 
importance of sending a covering letter for the guidance of the Election 
Committee. 


INSTITUTION NOTICES. 


ASSOCIATED STUDENTS. 


In order to enable junior employees of petroleum companies to participate 
in the activities of the Students’ Section of the Institution, the Council 
has approved “ Associated Students ” of this Section. 

Associated Students will be entitled to receive notices of and to attend 
meetings of the Students’ Section, and to make use of the Institution 
Library. They will not receive the Journal, and will not be eligible for 
Students’ Prizes. 

The subscription of an Associated Student is 7s. 6d. per annum, which 
should be paid to the Honorary Secretary, Students’ Section (London 
Branch), Mr. B. C. Ferguson, St. Helens Court, Great St. Helens, London, 
E.C. 3. 

There is at present no age limit for Associated Students, but they will 
be required to proceed to Student or other grade of Membership (according 
to age) before the expiry of two years from the date of their becoming 
Associated Students. 


PERSONAL NOTES OF MEMBERS AND SPECIAL NOTICES. 


It is suggested that members send information regarding their movements 
to the Secretary for insertion under this heading. 


Mr. WrL1aM CALDER is home from Canada. 
Mr. A. E. CurisMAN is home from India. 

. W. E. D. Cog has returned to Iraq. 

. N. Krrsy has left Trinidad and is now in Bahrein Island. 
. McCa.ivm is home from Trinidad. 

. E. pe Msstre has left for Iraq. 

. PaACHACHI is in Iraq. 

. Pantsset is home from Mexico. 

. J. RoBertson has returned to Uganda. 

. A. Rust is home from Trinidad. 

. E. Storr has left for Uganda. 

. R. Warp is now in Burma. 


RRR 
HORE 


The siibiees would be glad to learn of the addresses of the following 
Members :—A. MacLean, W. W. Pearce, and K. A. SPEARING. 


STUDENTS’ MEDAL AND PRIZE. 


The Council has awarded the Students’ Medal and Prize to Mr. H. T. 
Lorne, B.Sc., A.R.C.S., for his Paper on “‘ The Adsorbent Action of Certain 
Natural and Treated Earths upon Bitumen and its Constituents.” 

Mr. Lorne, a former Student of the Royal School of Mines, was elected a 
Student of the Institution in January 1935. 
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INSTITUTION NOTICES. vii 


STUDENTS’ PRIZE PRESENTED BY MR. T. C. J. BURGESS. 


The first award of the Students’ Prize presented by Mr. T. C. J. Burgess 
has been made to Mr. B. O. Lisle for his Paper on “ The History and 


Development of the Tankship.” 
Mr. Lisle was elected a Student of the Institution in 1934. 


WORLD PETROLEUM CONGRESS. 


The audited Statement of Accounts of the World Petroleum Congress 
held in July 1935, together with the Report of the Council, are printed on 
pp. 1015-1018 of the present issue of the Journal. 

The Council has accepted the invitation of the Association Frangaise des 
Techniciens du Pétrole to hold the next Congress in Paris in June or July 


1937. 


FORTHCOMING MEETINGS. 


There will be no meeting of the Institution in London in January 1936. 

The January meeting of the Institution will be held in Manchester on 
January 17th or 24th, 1936. 

Full particulars of the meeting will be circulated at the beginning of 
January to all members of the Institution having a registered address in 
the United Kingdom. 


SYMPOSIUM ON WELDING. 


On Tuesday, February 11th, 1936, the following Papers on “ Welding in 
the Petroleum Industry ”’ will be presented for discussion : 

Welding in Field and Drilling Equipment, by J. Cuthill, A.M.Inst.P.T. 

Welding in the Transportation and Storage of Petroleum Products, by 
A. C. Hartley, M.Inst.C.E., M.I.Mech.E., M.Inst.P.T. 

Welding of Pressure Vessels, by Eng. Lt.-Comm. 8S. F. Dorey, R.N., 
D.Se., M.I.Mech.E. 

The Training of Welders. 

The meeting will be held at the Royal Society of Arts, John Street, 
Adelphi, W.C.2. Particulars of the time of the meeting and advance 
copies of the Papers will be published at a later date. 


MEETING IN HOLLAND. 


Preliminary Announcement. 

ents are being made in collaboration with the Royal Dutch 
Institution of Engineers, for a meeting of the Institution in Holland on 
May 8th-12th, 1936. 
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Viii INSTITUTION NOTICES. 


Technical Sessions will be held at The Hague and Amsterdam, at which 
Papers on Diesel Fuels and Diesel Engineering will be presented. The 
programme will include a series of visits to works and other places of 
interest. 

It is anticipated that the inclusive cost of the visit from London will be 
about £12. A special circular giving details of the meeting will be circulated 
to all members of the Institution in February 1936. 

Overseas members who are likely to be visiting Europe in May 1936 are 
asked to make a note of the above dates. 

ARTHUR W. EASTLAKE, 
Honorary Secretary. 


BACK NUMBERS OF JOURNAL. 


The Institution is desirous of purchasing a limited number of clean 
copies of Journal No. 19, April 1919. 

The price which will be paid for such copies is 7s. 6d., and all enquiries 
should be sent to the Secretary. 


CONTENTS OF JANUARY JOURNAL. 


The following papers are scheduled for inclusion in the January issue of 
the Journal : 


“ Redwood-Kinematic Relationship at 70°F., 140°F., and 200° F.” 
F. H. Garner, W. E. J. Broom and J. L. Taytor. 

“Report on Relation between Redwood Seconds and Kinematic Vis. 
cosities."” National Physical Laboratory. 

“ Drainage Errors in U-Tube Viscometers.” W. E. J. Broom. 

“ Suspended Level Viscometer.”” L. UBBELOHDE. 

“ Accuracy of Engler Viscometers.”’ F.H. Garner and W. E. J. Broom. 

“The Ball and Bucket Viscometer.”” E. 8. L. Beate and P. Docksey. 
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THE INSTITUTION OF PETROLEUM 
TECHNOLOGISTS. 


Tue One hundred and Sixty-seventh General Meeting of the Institution of 
Petroleum Technologists was held at the Royal Society of Arts, John 
Street, Adelphi, London, on Tuesday, November 12th, 1935. The Chair 
was taken by the President, Sir John Cadman. 

In connection with this meeting, an exhibition of testing apparatus and 
other items of interest was arranged. The exhibitors and the exhibits 
were as follows :— 


Anglo-Iranian Oil Co.—Limestone cores, rock specimens, fossils, 
and microscope slides of rock sections from the oil-fields of Iran. 

British Laboratory Ware Association.—Standard apparatus for the 
testing of petroleum products in accordance with the specifications of 
the Institution’s Standardization Committee. 

Duke and Ockenden, Lid—A demonstration model of the Zublin 
drilling bit and the heads used for drilling in various formations and for 
side-tracking and 

A sample of the crude oil obtained from a depth of 3070 feet in the 
well at Hardstoft, Derbyshire. 

George Kent, Ltd.—A variable velocity ratio device for varying the 
speed ratio of two spindles, with an infinitely variable ratio within an 
approximate limit of 10 per cent. 

A recording pressure controller with a self-contained opposed- 
nozzle valve unit and built-in supply and diaphragm pressure gauges. 

J. Kewley.—A lump of asphalt which was found embedded in the 
flood layer at Ur of the Chaldees. A detailed description will appear in 
a later issue of the Journal. 

Moore and George, Lid.—A laboratory vacuum distillation unit and 
apparatus for seven-stage counter-current treatment (see pp. 993-994). 
Ullage rules used in the measurement of the oil content of tanks. 

Reed Roller Bit Co.—Models of modern rotary drilling tools, including 
bits, reamers, guides, Barrett-Robishaw combination drilling and 
coring tool, collapsible blade bit, and wire-wrapped screen. 

Shell Laboratories.—Laboratory testing apparatus, including the 
Harris lamp for inspecting the inside of cans, a device for quartering 
samples of solid materials, Fraas breaking-point apparatus, a penetro- 
meter for determining the thickness of coats of paint, the Saal sinker 
viscometer, a sample of iso-octane, and plant for the manufacture of 
grease on a small scale. 

A length of line pipe was exhibited which, in successive sections, 
illustrated the measures taken to prevent corrosion by first pickling 
the pipe in phosphoric acid, then applying several coats of paint or 

3¥ 
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988 ONE HUNDRED AND SIXTY-SEVENTH MEETING. 


enamel, wrapping with bitumen-impregnated coir and finally coating 
with a layer of asphaltic bitumen. 


During the evening a series of short papers were presented by their 


authors :-— 


“The Ball and Bucket Viscometer.” E. 8. L. Beale and P. Docksey, 
(To be published in January.) 

“A Test for the Water-Resisting Properties of Paints for Steelwork.” 
L. P. McHatton. (See pp. 989-992.) 

“Laboratory Vacuum Distillation Unit and Laboratory Seven-Stage 
Counter-Current Treating Apparatus.” Harold Moore. (See 
pp. 993-994.) 

“An Examination of Some Quenching Liquids.” N. E. Wood. 
(See pp. 995-999.) 
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\ TEST FOR THE WATER-RESISTING PROPERTIES 
OF PAINTS FOR STEELWORK. 


Dock. By L. P. McHarron. 
owe: Owrne to the difficulty of predicting with any degree of certainty the 
on-Stage behaviour of paint films when exposed to varying atmospheric conditions, 
e. (Sea? certain number of laboratory tests have been developed with a view to 
, obtaining an approximate idea of the merits of various types of paints in 
Wood. this respect. 
Electrical methods have been suggested, and Digby and Patterson have 


described the results of their experiments (HZngineer, June 15th, 1934). 
Their method consists of coating a metal sheet (about 8 sq. ft. in area) 
with the paint to be tested, and making this one of the poles of a voltaic 
cell, the other electrode being a pair of graphite plates. For the electrolyte 
of the cell was chosen any conducting liquid to which the paint might be 
exposed in practice, i.e. tap- or sea-water, acids, alkalis, etc. The authors 
caim that the breakdown in the paint film is proportional to the e.m_f. 
developed between the electrodes. Some paints they examined showed 
signs of failure after 24 hours, a reading of 10 millivolts being obtained in 
such cases, whilst others showed no appreciable change after 7 or 8 days’ 
immersion. None of their samples, however, survived after 14 days’ 
contact. 

They found that short-circuiting the electrodes was necessary to give an 
elective test of short duration, and the test was therefore carried out by 
connecting the two electrodes by an external conductor. Before a reading 
for e.m.f. was made, the cell was open-circuited for 15 minutes. Observa- 
tions were usually made once every 24 hours. It was also found that a 
current of air passed through the electrolyte reduced polarization effects and 
helped to give concordant results. A millivoltmeter was used for obtaining 
the e.m.f. ing. 

Attempts were made to repeat the above experiments on a smaller scale, 
as it was considered that, if a more sensitive method was used for measuring 
e.m.f., similar results might be obtained on smaller exposed areas of paint. 
In these experiments, therefore, an electrometer valve potentiometer was 
used for measuring the voltages, as it is possible with this apparatus to 
measure with accuracy the e.m.f. of small-capacity cells with very high 
internal resistances. For the construction of the cell a rectangular glass 
vessel, open at one end, was chosen. A painted metallic plaque was 
clamped over this end, a rubber washer being interposed between the plaque 
and the rim of the glass vessel to protect the paint film from damage and to 
ensure a water-tight joint. A carbon electrode was inserted by drilling two 
holes centrally in the opposite sides of the rectangular vessel, the carbon 
rod being held in position by means of two rubber stoppers. To enable a 
current of air to be drawn through the cell, two holes were also drilled at the 
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top and bottom respectively of the other two sides of the vessel, and delivery 
and exit tubes were inserted by means of corks. 

To carry out a test, the painted plaque was clamped into position, the 
whole apparatus inverted and sufficient electrolyte introduced to cover the 
carbon electrode. E.m.f. and resistance measurements, the latter by 
means of an Avometer, were made (a) initially and (6) after 24 hours, 
During this period the cell was short-circuited and left with a slow stream 
of air circulating through the cell. The following figures may be quoted as 
examples of the results obtained :— 


Electrolyte :—Salt Water. 


E.m.f. (mV). Resistance (ohms). 
Type of paint used. 

Initial. | After 24 Initial. 
Red lead/red oxide 0 153 Overl megohm) 1 megohm 
Red lead ‘ A ‘ 46 199 1 megohm 10,000 
White lead . ° ° 10 295 100,000 4,000 
Synthetic resin. ‘ 208 336 10,200 350 
Cement glue 381 462 160 68 


These results show that the e.m.f. increased as the resistance decreased, 
but the figures are not strictly proportional. Conclusions from the e.mf. 
figures are further complicated by the fact that figures as high as 153 milli- 
volts can be obtained (on the potentiometer) with a film having a resistance 
of 1 megohm, while in another case a film with a resistance of 10,000 ohms 
gave a reading of only 199 millivolts. It is therefore difficult to fix a 
definite e.m.f. which will indicate a breakdown. The rather low reading of 
10 millivolts, taken by Digby and Patterson to indicate a definite failure, 
might have been due to the fact that in measuring the e.m.f. with a milli- 
voltmeter, the latter discharges the cell at a higher rate than its capacity 
could provide, with a consequent fall in e.m.f. 

To test this point a few e.m.f. readings were taken with the usual type 
of millivoltmeter of 500 ohms resistance in order to compare them with 
those obtained with the potentiometer. In the case of the red oxide paint 
giving a voltage of 153 mV. with the potentiometer after 24 hours, no read- 
ing was obtained with the millivoltmeter. The synthetic resin paint gave 
a reading of 5 mV.; whilst cement-glue, which is the most porous of the 
paints examined, as shown by the comparatively low resistance of the cell, 
gave a deflection of over 120 mV. on the millivoltmeter. Obviously, 
therefore, the e.m.f. readings depend largely on the type of apparatus used 
in the measurements, and in these experiments the fall in resistance was 
found to be a more reliable indication of any increase in porosity of the film. 

In some cases it was noticed that the breakdown of the film was confined 
to a few isolated spots which indicated defects in application of the paint, 
such as the formation of pinholes, due possibly to air bubbles or to particles 
of dust, which would permit the electrolyte to diffuse between the metal and 
the paint film, and so cause a local breakdown. 

In connection with the application of this test, it is suggested that it may 
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be possible to test paint films for such defects not visible to the naked eye, 
by the following simple method, which has been successfully used for the 
detection of pinholes in bituminous coatings. 

The film to be tested is moistened with a solution of potassium iodide 
containing starch by laying over it a piece of muslin or filter paper saturated 
with the solution. The liquid penetrates to the metal through the pinholes, 
ete., and if the muslin is now connected to the negative pole of a small 
battery and the metal plaque to the other pole, the only path for current 
to pass is through the pinholes. Under these conditions, therefore, elec- 
trolysis occurs through these channels with the liberation of iodine at the 
negative pole, where it combines with the starch to produce the usual blue 
coloration. Absence of blue spots would indicate that the film was free 
from pinholes, and therefore fit for use in the electrical test. 

As a fall in resistance of a film indicates an increase in porosity, the 
figures obtained should be proportional to its weathering properties. As 
such information would be valuable in the case of varnish vebicles in paint 
manufacture, a few comparisons were made. The results obtained indicated 
that boiled linseed oil and blends containing it showed a fall in resistance, 
and hence an increase in porosity. The addition of tung oil (about 30 per 
cent.) to such blends produced a definite beneficial effect. Copal varnish 
either alone or blended with tung oil showed no breakdown, and the use of 
these materials in vehicles for paints should produce improved water- 
resisting properties. These conclusions are indicated by the following 
figures, obtained by exposure to tap-water :— 


Resistance (ohms). 


Initial. After 96 hours. 


Boiled linseed oil ‘ 25,000 1,750 
- 9 containing 30 per cent. tung oil . 50,000 12,500 
plus 30 per cent. tung oil 100,000 100,000 


The results indicate, therefore, that differences can be detected in the 
properties of paint films by the use of electrical methods, either the e.m.f. 
method of Digby and Patterson with large painted areas, or the resistance 
method outlined above, in which more convenient sized plaques can be used. 

Up to the present little correlation between the laboratory tests and the 
results of actual experience has been possible. 


DISCUSSION. 


Dr. F. B. Thole asked the author whether the same reactions were 
obtained if the metal underneath the paper film had already been prepared 
as regarded its surface, say, by phosphoric acid, and whether any film of 
phosphate or anodic oxidation, or anything similar, would stop the reactions. 


Mr. L. P. McHatton replied that he had not had any experience in 
that direction. 


ion, the 
ver the 
iter by 
hours, 
stream 
oted as 
a 
| 
— 


992 MCHATTON ; WATER RESISTANCE OF PAINTS. 


Mr. E. S. L. Beale asked what was the proportion of the current which 
went through the unbroken film and what proportion went through the 
pinholes, because the pinholes might be carrying the major part of the 
current. With regard to the use of different voltages for films having 
different resistances, was it not probable that in the measured value of 
the resistance the same film would be quite different when using different 
voltages by which to measure it ? 


Mr. L. P. McHatton said, with regard to the second point, he was 
afraid that he could not help using the higher resistances because the 
meter he was using specified that. As to the first point, if he discovered 
pinholes the whole test was invalid, and he had to start again to prepare 
a better paint film. 
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LABORATORY VACUUM DISTILLATION’ UNIT 
AND LABORATORY SEVEN-STAGE COUNTER- 


CURRENT TREATING APPARATUS. 
By Harotp Moore. 


Laboratory Vacuum Distillation Unit.—The apparatus exhibited is one 
of several similar stills used in refinery laboratories for rapid and accurate 
evaluation of petroleum crude oils. 

By the adoption of standard dimensions for various portions of the unit, 
it is possible to employ various interchangeable sizes of fractionating 
column and still bottom, so that the degree of fractionation may be varied 
to suit a wide range of different requirements, whilst the volume of the 
crude-oil charge may also be varied to suit the particular purpose of the 
distillation. 

The apparatus shown is fitted with a four-litre-capacity still bottom, 
to which is attached an 18-inch, packed, fractionating column. Experience 
has shown that the performance obtained with this equipment is closely 
in line with modern commercial practice. Where exceptionally efficient 
fractionation is desired, however, a 30-inch column is employed when 
“gaps” between gasoline and kerosine fractions of about 22° C. are 
obtainable. 

The general construction of the apparatus will be readily apparent on 
examination. No jointing material has been employed in any part of 
the unit, all joints being ground metal to metal surfaces. 

The fractionating column is surrounded by an electrical heater in order 
to supply heat to the column when distilling products of high boiling 
range. The amount of heat supplied to the column is controlled by means 
of a variable rheostat, so that the reflux ratio is indirectly controlled over 
a wide temperature range. An apparatus for controlling and measuring the 
rate of reflux is at the present moment being developed, and will shortly 
be incorporated in future models. 

Seven-Stage Counter-Current Treating Apparatus—This was 
designed primarily for experiments in connection with solvent refining 
processes, but the plant may, however, be used for any laboratory process 
where exceptionally efficient mixing and separation are necessary. 

The oil to be treated and the treating liquid are contained respectively 
in two small tanks on either side of the apparatus, and the liquids pass 
continuously through the plant counter currently, the methods employed 
for admixture and separation being somewhat novel. 

The two liquids are mixed by means of a rotary pump, and it should 
be noted that after admixture the liquids pass through two distinct pump 
circuits. There is first of all a closed pump circuit, through which the two 
liquids may be passed any desired number of times before passing into 
the double-cone-shaped separating tank, and there is also a second circuit, 
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through which the liquids enter the separating tank tangentially and thus 
cause the contents of the tank to rotate, the purpose of this latter circuit 
being to assist separation of the liquids before passing on to the next 
treating stage. 

The exact design which has been adopted can readily be seen from an 
examination of the apparatus on view, and it will be noted that, by the use 
of seven successive stages, extremely efficient treatments can be carried 
out in the laboratory. 


DISCUSSION. 


Mr. J. A. Oriel asked the author if he had found it necessary to form 
a very intimate emulsion in order to get good solvent extraction with 
chlorates and similar solvents. 


Mr. H. Moore replied that he had found that there was a certain 
optimum effect; if the emulsion was too intimate the settling was very 
difficult indeed, and if the mixing was not very intimate the washing was 
very much reduced. Ordinary mixing-up and shaking were not good 
enough. In the circuit they went 30 times through a centrifugal pump, 
which was working against a back-pressure, and actually it would be seen 
that the back-pressure was controlled by flowing through a beam of a 
definite orifice, which built up a pressure which was used for the settling 
vessels. If a circuit were used which went once through a centrifugal 
pump, the effect of the solvent extraction was almost negligible; and it 
had been found in the earlier experiments that, with a four-stage effect, 


worse results were actually obtained than were got by shaking in a bottle. 
They were certainly very sensitive to the intimacy of the mixture. He 
did not like chlorate in the oil because that carried impure oil with the 
chlorates. 
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AN EXAMINATION OF SOME QUENCHING LIQUIDS. 
By N. E. Woop. 


Tue following paper presents a short account of some experiments that 
have been carried out with a view to comparing the efficiencies of various 
quenching media in order to select the most satisfactory. 

The object of the heat treatment of steel is the production of definite 
known physical properties, such as hardness and toughness. 

It is well known that the slow cooling of steel results in the formation 
of a comparatively soft structure. Rapid cooling prevents the formation 
of this type of structure, and, depending on the rate of cooling, other 
structures accompanied by hardening are formed and finally preserved 
more or less unchanged. The ultimate hardness of the steel is thus de- 
pendent on the rate of cooling, and in order to obtain maximum hardness, 
it is necessary to cool the steel as rapidly as possible to a temperature 
below which no further possible structural changes will occur. 

When, however, the metal has lost its plastic nature, below about 
400° C., too rapid cooling from that point will set up stresses resulting in 
cracking and warping. It is apparent, therefore, that a slow withdrawal 
of heat is necessary at this stage. 

Various types of quenching materials have been and are being used, 
such as water, aqueous solutions of caustic soda, brine, fatty oils and 
mineral oils. 

It was, therefore, of interest and importance to study the behaviour 
of straight mineral oils as quenching media. 

In order to investigate the variations in the rates of cooling of steel 
test pieces immersed in various quenching liquids, the following experiments 
were carried out. 


APPARATUS. 


The quenching bath consisted of a cylindrical copper pot of just over 
three litres capacity fitted with a removable lid. In the centre of the 
lid a 2-inch-diameter hole was cut, and a cage fitted under the hole, reaching 
down to about two-thirds the depth of the pot. The cage was constructed 
of four }-inch strips and tapered to 1} inch width, so that the test piece 
could rest at the bottom in a vertical position. The lid was also fitted 
with collars to hold a thermometer and a stirrer. 

The steel test piece was 2} inches long and } inch diameter, and to one 
end was fixed a steel tube } inch diameter and 3 inches long. A clay rod 
ran through the steel tube and carried the wires of a thermocouple into 
the steel test piece. The thermocouple was connected to a galvanometer 
calibrated in terms of the temperatures concerned. 

In carrying out the tests, the steel test piece was heated to just over 
850° C. in a furnace (either gas-heated muffle or electrically-heated tube 


995 
id thus 
circuit 
© next 
om an 
he use 
~arried 
> form 
with 
ertain 
very : 
was 
good 
yump, 
P seen 
of a a 
ttling 4 
ifugal 
und it 
affect, 
ttle. 
He 
h the 


996 WOOD : QUENCHING LIQUIDS. 


furnace), withdrawn, and at a temperature of 850° C. it was plunged into 
the quenching pot, which had previously been filled with three litres of 
the liquid under examination. 

The contents of the pot were agitated with the stirrer, and the moment 
when the temperature of the steel reached 800° C. was taken as the zero 
time, a series of stop-clocks being started at that instant. Observations 
of the time and of the temperature of the quenching bath were made when 
the readings of the galvanometer indicated test-piece temperatures of 
700° C., 600° C., 400° C., 300° C. and 200° C. 

All observations were confirmed. 

In this way the various times of cooling to these temperatures were 
obtained, and graphs showing the rates of cooling were constructed. 

A few of the results obtained are given in Table I. 


Taste I. 


Time of cooling from 800° C. in seconds. 


Oil C. Water. 


Oil B. 


800 

700 4-2 6-2 5-0 2-6 
600 8-8 11-2 9-5 5-1 
400 21-5 24-9 22-5 10-2 
300 36-6 36-7 38-4 13-9 
200 63-6 57-9 60 31-7 


These and other results have yielded some interesting information. 
It was discovered that the various types of oil gave cooling curves of widely 
differing characteristics. These differences would have important effects 
on the final hardness and the stresses that are produced in the quenched 
steel. 

Oil “ A” is a proprietary quenching oil prepared specially for use as a 
quenching material for steel; Oil “ B” is a fatty oil which has also been 
used extensively for this purpose; Oil “C” is a light spindle oil. The 
cooling curve for water is also shown. 

It will be noticed that over the whole range water cools extremely 
rapidly, down to a temperature of 300° C., before any appreciable slowing 
of the rate is apparent. 

The use of a water as a quenching liquid must therefore be restricted 
owing to its tendency to produce cracking and warping owing to the too 
rapid cooling below about 400° C. 

Comparing the curves of the three oils, it will be observed that Oils 
“B” and “C” (fatty oil and light spindle oil) show a slower cooling rate 
in the quenching period 800-600° C. than does Oil “A.” The cooling 
periods to 600° C. are respectively 11-2 seconds, 9-5 seconds and 8-8 seconds. 
On the other hand, these two oils show a faster cooling rate than Oil “ A” 
over the final cooling period of 400-200° C., 33 seconds, 38 seconds and 
42 seconds. 

Therefore from these results it can be concluded that Oils “B” and 
“C” are decidedly less effective than Oil “A,” in that they will not 
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produce the desired hardness, and that they will leave the steel in a con- 
dition of greater stress. 

Some other factors affecting the choice of an ideal quenching oil may 
perhaps be briefly considered. 

The viscosity of the quenching oil plays an important part. Heat is 
transferred from the hot steel to the oil, and is dissipated throughout the 
bulk of the oil by agitation and by convection currents, and the speed of 
this heat transference will be affected by the fluidity of the oil. 

Theoretically the higher the temperature of the cooling bath the slower 
would be the rate of heat interchange. Within limits, the lowering of the 
viscosity of the oil consequent upon this increased temperature more than 
compensates for the retarding action of the higher temperature of the bath 
on heat transference. Some observations showing the effect of bath 
temperature on the rate of cooling are given in Table II. 


For example, with a bath temperature of 46° C. the temperature of the 
test piece fell to 600° C. in 12-4 seconds and to 200° C. in 86 seconds, whilst 
with a bath temperature of 85° C. the temperature fell to 600° C. in 11-4 
seconds and to 200° C. in 86 seconds. 

With a much greater increase in bath temperature the increased fluidity 
of the oil would not be sufficient to overcome the retardation of heat 
transference due to the high bath temperature. 

The stability of the oil as regards oxidation at the high temaperatures 
to which it is subjected during quenching is also an important consideration. 
Some oils, especially fatty oils, tend to break up under these high-tem- 
perature conditions, forming sludge and increasing considerably in viscosity. 
Mineral oils also may increase in viscosity as the result of oxidation and 
the loss of light fractions by volatilization. Changes in viscosity may 
also result from the occurrence of a certain amount of cracking. These 
increases in viscosity will result in the oil giving a slower quench with 
increasing age. The presence of lower-boiling constituents may have a 
deleterious effect, owing to the formation of vapour films on the surface 
of the metal and the consequent production of soft spots owing to the low 
thermal conductivity of these vapours. 

The actual effects on the cooling properties of a quenching medium of 
its thermal properties, such as specific heat, latent heat of vaporization, 
thermal conductivity, are rather debatable, although they must play 4 
very important part in the cooling. 
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In conclusion, it may be suggested that the use of petroleum products 
for quenching purposes is of considerable importance to the industry and 
that this subject well merits the attention of this Institution. 


DISCUSSION. 


Mr. W. E. Gooday remarked that the reference to the decomposition 
of oil during its use as a tempering or quenching medium suggested to him 
that these tests would have to be repeated after the oil had been in use 
for some time, in order to grade the oils to which the author had referred. 

Another point was that those present had heard that one oil was fatty 
oil, and another was a spindle oil, but they had not heard what the com. 
position of “ A ” oil was. 

Another point was the question of fire risk. Perhaps the author would 
touch on that in regard to the difference, if any, between the oils referred 
to. 


Mr. N. E. Wood said it certainly would be of interest to examine how 
the oils changed on ageing, after being quenched a dozen times, and see 
how they would stand up. That work had not as yet been carried out. 

With regard to fire risk, in the tests which had been carried out there 
had been one experiment which had threatened a small fire, but it had 
easily been put out under the conditions prevailing. How it would operate 
in large-scale practice he could not say. 

He could not state the composition of Oil “A.” It was a slightly heavier 
oil than the spindle oil, which was 40 seconds viscosity, and Oil “A” was 
50. The fatty oil was about 70. 


Mr. E. A. Evans said he should have thought that the fire risk was 
entirely dependent on the speed at which the metal was being immersed 
into the oil. If it was put in quickly, obviously there was very little fire 
risk—or none at all; but if it was put in slowly, then there was a fire risk. 

Regarding the times of quenching, he thought it would require a clever 
eye to operate the stop-clocks when there were such very small periods 
of time to measure. 

Further, he would like to know if there was any evidence that the metal 
was any better, or any different, with those very small changes in cooling. 
Personally he would not have thought so. 


Mr. N. E. Wood replied that, with regard to the difference in hardness 
which was produced in the small test piece, the rate of cooling of the small 
pieces must be very rapid, and it was difficult to say how they would 
compare with a large piece used in practice. 

He had carried out some experiments with a larger test piece (just large 
enough to fit it comfortably into the cage), and he had found that those 
times would be increased about 50 per cent. It was obvious that when 
one was coming on to the large piece one could probably get a large time 
difference between the various types of oil. With the rapid cooling which 
some oils might give, one was bound to get a much harder steel. The 
difference between water- and oil-cooling was quite well known in hardening 
practice. 
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Mr. C. R. Scott Harly asked if the author could give any figures of 
hardness—the actual difference of hardness figures. If he could it would 
be much more convincing. 


Mr. N. E. Wood replied that he was afraid he could not. He had not 
carried out any actual hardness tests. He believed that the Bureau of 
Standards had done some work with regard to quenching and the actual 
hardness produced by various types of oil. 


Mr. Harold Moore remarked that he should think that the fire hazard 
was very closely allied to the flash-point. 

In hardening in actual practice he thought it was usual to employ a 
bath of a certain size and to quench as much matter per day in that bath 
as was convenient or possible. Therefore, the maximum temperature to 
which that bath rose was to some extent dependent on the specific heat, 
so that really one wanted to know quite a lot about the effect of quenching 
in hot oil. If one desired to slow up the rate of cooling at the bottom end 
of the water curve, the best thing was to use hot water and, similarly with 
oil, to use hot oil. It would not affect the temperature cooling from 
900° to 600° C. very much, but it would certainly affect the cooling round 
about 300° C. very considerably if the temperature difference was 100° C. 
and less if the temperature difference was due to heating by oil. 


Mr. N. E. Wood said that it was the practice of some people to quench 
in water, and then at a certain temperature follow that up by quenching 
in oil from 300° or 400° C., in order to give a much slower cooling period 
in the last 200° or 300° C. 


Colonel S. J. M. Auld asked, arising out of a previous reply of the 
author’s, what had made Mr. Wood choose the particular size that he 
had chosen for his test piece. Had he been devising an apparatus for the 
work he would have chosen a bigger instrument altogether. The other 
points upon which Mr. Wood had touched, liberation of vapours, possible 
slight leaking, and so on, were going to be very much more magnified in 
a small piece than in a large. There was a good deal of quenching to be 
done in even small-piece works, but, generally speaking, it was a large- 
scale job, and a job which usually had adjunct coolers. In the particular 
case under discussion would not the author have got not merely the time 
element much better but a more generally applicable result by using a 
larger piece ? 


Mr. Wood replied that with a large piece one was not actually measuring 
as near to the surface temperature as possible, and he supposed it was 
actually the surface hardness which was of importance in most quenched 
jobs. 


On the motion of The President a hearty vote of thanks was accorded 
to the authors for their instructive and interesting communications. 
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THE NATURE OF THE OCTANE SCALE. 


By E. B. Evans, M.Sc., A.I.C. (Member), E. M. Dopps, M.A., B.Sc., and 
F. H. Garner, M.Sc., Ph.D., F.1.C. (Member). 


THE present tendency in connection with fuels for aviation engines is to 
demand higher octane numbers, and fuels have been supplied and tested 
experimentally with ratings of 100 octane and over. In view of this 
tendency, the question of extension of the octane scale above 100 becomes of 
definite practical importance. 

It has been realized for some time past that the octane number scale is 
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not linear, i.e. that a difference of one octane number} at different parts of 
the scale does not represent the same difference of permissible maximum 
compression pressure or of engine performance. This is convincingly 
demonstrated by the reference to Fig. 1, which shows the relationships of 
the octane numbers of fuels required to produce equal intensities of knock 
under different conditions of jacket temperature and speed on the 8.30 
engine.* Octane numbers of fuels at 300° F. and 375° F., jacket tempera- 


* See also Fig. 1, Proc. World Petr. Congr., 1933, 2, 229, where a fuller comparison 


is given by the 8.30 engine under different engine conditions. The curves for engine 
speed 300 r.p.m. and 15° spark advance at jacket temperatures of 212° F., 300° F., 
and 375° F. show the marked effect of jacket temperatures on knock intensity. 
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tures on the 8.30 are plotted against the octane numbers of fuels giving 
the same intensity of knock under 212° F. conditions. Standard knock 
intensity was obtained on a fuel at, say, 212° F., and then the jacket tem- 
perature and spark advance were altered to 300° F. conditions, all other 
engine variables being unchanged. The octane number of the fuel required 
to give equal knock intensity was then found. Neither of the curves in 
Fig. 1 is a straight line, and therefore the relations between the scales 
at 212° F. and 300° F. or between those at 212° F. and 375° F. are not 
linear; consequently at least one of the scales in each case is not linear, 
and in all probability neither of them will be. (Also Tables I and II.) 


Taste I. 
Blend at 212° F. Jacket Biend for Equal Knock 
Throttle. Temp. /600 r.p.m./22° Spark Intensity at 300° F./600 
Advance. r.p.m./15° Spark Advance. 
67° 0% Octane 100% heptane 46% Octane 54% heptane 
_— 50 ” 50 ” 72 ” 28 ” 
10° — 70 ” 30 ” 824 ” 17} ” 
213° 95 ” 5 ” 98 ” 2 ” 
Taste II. 
Blend at 212° F. Jacket Blend for Equal Knock 
Throttle. Temp. /600 r.p.m./22° Spark Intensity at 375° F./600 
Advance. r.p.m./15° Spark Advance. 
5-6° 29-0% Octane 71% heptane 0% Octane 100% heptane 
8-5° 73 ” 27 ” 50 ” 50 ” 
14-75° 94} ” 5} ” 90 ” 10 ” 


The wide differences between the octane numbers for equivalent knock 
will be noted particularly. Thus a fuel of 46 octane number at 300° F. 
will knock as badly as pure heptane at 212° F. Heptane at 375° F. knocks 
no worse than 29 octane at 212° F., but in this case, although the jacket 
temperature is increased, the speed of the engine is also greater (900 r.p.m.), 
and this reduces the tendency to knock. 

The octane number obtained for a fuel depends on the type of engine and 
conditions of operation employed, and ratings are not readily converted 
from one set of conditions to another, even on the same engine, on account 
of differences in susceptibility of different fuels to temperature and other 
engine conditions. An interesting point in this connection is that the 
blending octane number curves at 212° F. and 300° F. for various series of 
hydrocarbons, cross at the hydrocarbon containing about eight carbon 
atoms.! Thus butyleyclopentane has a blending value on the 8.30 of 0 at 
212° F. and 9-5 at 300° F. These and other unexpected results are con- 
sequences of two scales of measurement being used and the relation between 
them being unknown. Thus, the term “ Octane Number ” has no meaning 
unless the engine and conditions of determination are rigorously specified. 
A large amount of experimental work by the Co-operative Research Com- 
mittee of the Society of Automotive Engineers has been necessary in order 
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to correlate road ratings with results on the various laboratory test engines, 
and this work has been complicated by the lack of an absolute knock scale 
to which the various results could be referred. 

In work * which has been published on blending octane numbers, it has 
been shown that the octane numbers of blends of paraffins are approxi. 
mately linear with regard to composition, and that octane numbers of 
aromatic blends increase more rapidly, and of olefine blends less rapidly, 
than linear relationship demands. These differences emphasize the 
artificial nature of the octane—heptane scale, but do not encourage the belief 
that any other pair of substances would be more satisfactory for reference 


arposes. 

It is not necessary to review the work on knock rating prior to the 
adoption of the octane-heptane scale, except to emphasize that the 
adoption of this scale did lead to a general simplification of the problem of 
knock-rating determination. The scale has, however, at the present time 
reached the condition of being accepted as an absolute standard of reference 
in the same sense as the temperature scale, and its true character may 
be obscured. A fundamental scale of knock tendency to which octane 
numbers can be referred is necessary to understand their true meaning. 

In the present paper some of the work which led to the definition of such a 
scale is outlined, and it is believed that this leads to a truer understanding of 
the knock rating and of knock intensity. It is not suggested that the 
octane—heptane scale be abandoned, but that it be interpreted in the light 
of the results to be described. 

The fundamental conditions of a fuel-air mixture which determine 
whether knocking will occur under given engine conditions are the tempera- 
ture and pressure at which the mixture is compressed prior to detonation, 
and the temperature and pressure at which the mixture will ignite spon- 
taneously. Pressure and temperature are, however, nearly proportional, 
and pressure has the advantage of being more easily measured. 

In preliminary experiments the attempt was made to use the bouncing- 
pin as a measure of the pressure rise occurring on detonation of fuels of 
different octane number under the same engine conditions, but there are 
two objections to the use of the bouncing-pin. In the first place, a number of 
settings are required, using the standard C.F.R. bouncing-pin, in order to 
cover the range 0 to 100 octane number, and the curves obtained between 
octane number and knock-meter reading or gas evolution at the various 
settings are not continuous. Further, the motion of the bouncing-pin is 
proportional to the impact on the underside of the diaphragm, and this is 
affected not only by the rate of pressure rise after detonation, but also by 
the rate prior to the commencement of detonation. It is on account of this 
fact that the bouncing-pin gives a match between benzole and lead blends 
when they are not equivalent by the audibility method. Diagrams which 
have been obtained by the cathode-ray indicator show that the rate of 
pressure rise (i.e. of burning) prior to detonation is greater in the case of 
benzole than of lead blends which match according to the bouncing-pin. 
Consequently more of the lift of the pin is due to combustion prior to 
detonation in the case of the former than of the latter. 

An investigation made both theoretically and practically into the use of 
the bouncing-pin in this way, taking into account the masses of the parts 
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and the spring tensions involved, led to the final abandonment of this 
instrument in measuring knock, in favour of a direct type of indicator. 

An approximate extension of the octane scale was, however, obtained by 
the use of the bouncing-pin. The Society of Automotive Engineers put 
forward some years ago, for the purpose of rating those fuels which are 
better in anti-knock value than iso-octane, a system based on blends of 
is-octane and C.P. benzene. Thus a fuel which matched a blend of 
100 parts of iso-octane and 15 parts of benzene was rated at an octane 
number of 115. This was also adopted temporarily by the A.S.T.M. (Re- 

of Committee D2, 1932). It is easily recognized that this extension 
is not continuous with the scale from 0 to 100 octane numbers, and it 
was subsequently abandoned. A need was, however, felt for an extension 
of the scale. 

In this work the S.30 engine was used, but the compression pressure was 
raised from 195 to 230 Ib./sq. in. in view of the resistance to detonation 
of the fuels to be tested. With the engine running at 600 r.p.m., 22° 
spark advance and 212° F. jacket temperature, mixtures of 95 per cent., 
97 per cent. and 100 per cent. octane in heptane and of 100 parts of octane 
with 10 and 30 parts of benzene were matched with the aid of the bouncing- 
pin with blends of benzene and cyclohexane, toluene, and A.2, and di-isobuty- 


lene and A.2. The results of these tests are given below :— 


Taste III, 
Equivalent Blends at 230 Ib. /sq. in Compression on the 8.30 engine. 


Benzene and | Toluene and | Di-isobutylene 
A.2. 


Series. Reference Blend. cycloHexane. and A.2. 
l 95 Octane 5 Heptane 60-0 40-0 69-0 1-0 59-5 40-5 
2 66-5 33-5 73-0 27-0 655 34:5 
3 | 100 Octane 73-5 26-5 76-5 23-5 75-2 248 
4 ,, 10 Benzene 745 25-5 77-5 22-5 78-5 21-5 
5 |100. ,, 30s 78-0 22-0 80-3 19-7 85-0 15-0 


Considering the first three blends of toluene in A.2, knowing the octane 
number of each, and taking that of A.2 itself as 50-0, the blending value of 
toluene can be calculated in each case. Values of 115-2, 114-4 and 115-4 
are thus obtained. Now, it is known that the concentration curve of tolu- 
ene in A.2 is practically a straight line up to about 100 octane number. The 
value for the blending octane number is constant with a value of 115°0 
at concentrations of 69-0—-76-5 per cent. toluene, so that one may confidently 
assume that the blending value will not alter appreciably up to concentra- 
tions of 80 per cent. toluene. The octane numbers of the toluene/A.2 
blends, and consequently of the iso-octane/benzene blends in Series (4) 
and (5), can therefore be calculated. 

Hence it is found that a blend of 100 parts of iso-octane and 10 parts of 
benzene has an octane number of 100-4 on the extended scale continuous, 
with the 0 to 100 scale obtained by means of mixtures of iso-octane and 
n-heptane, as against the nominal rating of 110 by the method originally 
suggested by the S.A.E. Similarly, 100 parts of octane and 30 of benzene 
has an octane number of 102°2. 

Treating the di-isobutylene data similarly, we get, from Series 1, 2 and 3, 
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the blending values of 125-5, 121-7 and 116-5 for diisobutylene in A.2, § octan 
These values are decreasing too rapidly to permit of extrapolation, a result § 101°5, 
which is not surprising in view of the rapid flattening of the concentration. § the to 
octane number curve for diisobutylene. to be: 

Considering the first three blends of benzene and cyclohexane, three §f carve. 
equations can be constructed for the octane numbers, each involving, as The 
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the two unknowns, the blending values of benzene and cyclohexane when ae 
mixed together. Solving the first and second and second and third equa- press 
tions together, we get for the blending values : onal 
Benzene, 108-3. cycloHexane, 75-0 (from (1) & (2) ) numb 
Benzene, 114-4. cycloHexane, 68-5 (from (2) & (3) ) 60 o¢ 


These values are not as nearly constant as might be desired, but using § portic 
he average blending va lues of 109-9 and 71-8, the values of the blends of | diagr 


= 
3 Q 
/ 


using 


EVANS, DODDS AND GARNER: NATURE OF OCTANE SCALE. 1005 


octane with ten and thirty parts of benzene are calculated as 100-0 and 
101-5, respectively. These values are fairly close to those obtained from 
the toluene blends (100-4 and 102-2). The values from the latter are likely 
to be more accurate, however, on account of the almost linear concentration 


curve. 
The above results, which were obtained with the bouncing-pin, are 
plotted in Fig. 2, together with the remainder of the curves from 100 per 
cent. of cyclohexane or A.2. 
During the course of this work, the cathode-ray indicator ** as de- 
scribed elsewhere was developed, and this allowed, for the first time, the 
pressure changes during the engine cycle to be followed accurately, and 


Pressure 


Time. 
Fie. 3. 


differentiation to be made between pressure rises before and after the 
commencement of detonation. 

From the indicator diagrams the maximum cylinder pressures for which 
combustion is just non-detonating with given fuels and engine settings, the 
pressures at which detonation begins and the maximum pressures obtained 
during detonation can be obtained inter alia. 

Fig. 4 indicates the type of curve obtained by plotting the maximum 
pressures for combustion without detonation (“ quiescent combustion ”’) 
against octane number. If P, and P, represent the quiescent combustion 
pressures for fuels of, say, 60 and 90 octane number, then if the 60 octane 
number fuel is burnt in the engine at a setting for which the 90 octane 
number is just non-detonating, the pressure rise on detonation of the 
60 octane fuel will be proportional to P,—P,. The nature of the pro- 
portionality will be discussed later, but it is clearly shown by the indicator 
diagrams that the enormous pressure rises formerly believed to occur on 
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detonation do not happen, but are illusions due to the inertia of moving 
parts of the indicators previously employed. Consideration of Fig. 4 
makes it obvious why a change of one octane number in the value of a fuel 
at, say, about 90 octane produces a far greater effect, and is more easily 
detected, than a similar change at, say, 20 octane. The actual “ quiescent 
combustion pressure ” changes much more rapidly for each octane number 
improvement at the upper end of the scale. The use of the pressure scale 
has the advantage that the experimental accuracy is the same over the 
whole range ; a difference of 1 lb. pressure has the same meaning throughout 
the scale, whereas a difference of one octane number has not. 

The diagram (Fig. 3) illustrates the effect of running a lower-octane. 


Pressure ——» 


i 

© 20 % $0 60 70 80 90 100 
Octane we 
Fie. 4. 


number fuel at an engine setting for which a better fuel will just not 
detonate, the curves representing the expanded indicator diagrams.** 
The spark passes at a, and 6 represents the quiescent combustion pressure 
on the fuel A. On the lower octane number fuel B, detonation commences 
at C and the peak pressure obtained is d, so that the pressure rise due to 
detonation is d—c. 

Although the new indicator gives a diagram the ordinates of which are 
proportional to pressure, it was considered that a gauge which could be 
fitted to the engine for recording peak pressure accurately would be very 
advantageous, since the size of the pressure-time diagram obtained on the 
screen is a function of the cathode-ray tube voltages. The gauge is on the 
lines of the C.F.R. compression gauge, but is designed to withstand explosion 
pressure, and has proved very satisfactory for this purpose. Such a gauge 
is capable of recording peak pressures accurately even under conditions of 
severe detonation.® 
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By means of this gauge, experimental results were obtained which are 
shown in full in Figs. 5 and 7. 

Series 30 Engine.—Fig. 5 shows results on the S.30 engine at 212° and 
300° F. jacket temperature, speed and spark advance being kept standard 
and the throttle opening varied to obtain the maximum combustion 
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pressure at which detonation just did not occur, this last being determined 
as described later. The curves are found to be hyperbolic, the equations 
and asymptotes being as follows :— 

212° F. XY = 8500, with asymptotes at 117 octane number and 


85 Ib./sq. in. 
300° F. XY = 6075, with asymptotes at 113-5 octane number and 
70 Ib./sq. in. 
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Extension of the octane scale beyond 100 is thus obtained simply by 
extrapolating the curve beyond 100 octane number, according to the 
equation, and reading off the corresponding maximum quiet combustion 

ressure. 

' It will be observed that over the range 0-100 octane numbers the 
maximum pressure which a given octane number fuel will withstand is less 
at 300° F. jacket temperature than at 212° F., as would be expected from 
the higher temperature employed. No fuel will knock, however, up to 
85 Ib./sq. in. at 212° F. or up to 70 Ib. at 300°; a fuel of 113-5 octane 
number or above will not knock in the 8.30 engine at 300° F., but 117 
octane or above is required to render detonation impossible at the lower 
jacket temperature of 212° F. This apparent anomaly is explained by the 
fact that the spark advance employed for the standard conditions at 212° F. 
is 22°, whilst at 300° F. it is only 15°. The equation of the curve obtained 
and the values of the asymptotes are dependent not only on the actual 
engine employed, but also on the speed and spark advance, as well as on the 
jacket temperature. 

An offshoot from the 212° F. curve in Fig. 5 is marked “ bumping,” and 
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between this and the main curve is the region of “ rough running.” At the 
** 212° conditions” on the 8.30 engine, this condition starts at about 
60 octane, but rough running is naturally dependent mainly on engine 
design. The occurrence of bumping was detected by means of a micro- 
phone device screwed into the cylinder head, and which is illustrated in 
Fig. 6. It is of the electromagnetic type, and the voltage output from it is 
applied to the grid of a high-frequency pentode valve which is resistance 
coupled to the source of the high-tension supply. The output from the 
anode of this valve is fed to the vertical deflecting plates of the cathode- 
ray tube. The resulting oscillogram shows the relation between rate of 
change of pressure and time or crank angle. The bumping region is 
differentiated from that of quiet combustion by departure of the oscillogram 
from a smooth curve. 

C.F.R. Engine.—Results on the C.F.R. engine under motor method 
conditions are shown in Fig. 7. 

The curve for maximum quiet combustion pressure has the equation 
XY = 8900, with asymptotes at 138 octane number and 165 Ib./sq. in. 
Rough running starts at about 75 octane number in this case. The other 
curve represents peak pressures at the standard intensity of knock for 
“motor method ” operation. The equation in this case is XY = 9700, 
with asymptotes at 129-5 octane number and 200 Ib./sq. in. 
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These two curves are roughly parallel (they are, in fact, two members of a 
family of hyperbolas), but it will be seen that the difference in peak pressure 
for quiet combustion and for standard intensity of knock is from 46 lb. at 
0 octane to 130 Ib. at 100 octane. (Standard intensity of knock was 
obtained by setting the engine to give mid-scale reading as laid down in the 
(.F.R. motor method instructions. The intensity of detonation as shown 
the indicator was then determined, and the same amount of pressure 
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accurate to assume that mid-scale knock-meter reading indicates constant 
degree of knock throughout the range 0 to 100 octane.) This is interesting 
in view of recent work, which has shown that, in order to get agreement 
between octane ratings in different laboratories, it is necessary to standardize 
very carefully the degree of knock obtained. 

In Fig. 7 there are a number of curves offshooting from the main quiescent 
combustion curve, and which are obtained by the use of the cathode-ray 
indicator and of the pressure gauge. The points A, B and C correspond to 
the quiescent combustion pressures of fuels with octane numbers of 100, 90 
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and 70, respectively. The curves AD, BE and CF represent the peak 
pressures obtained with fuels of progressively lower octane number at the 
engine settings corresponding to the points A, B and C on the main curve, 
The curves AG, BH and CK show the pressures at which detonation begins 
on fuels of various octane numbers at these settings, and consequently 
vertical distances between AD and AG, BE and BH and CF and CK ar 
the intensities of detonation under these conditions. It will be observed 
that the detonation pressures are always greater than the differences in the 
quiet combustion pressures for the fuel tested and that which will just not 
knock at the setting employed. Considering AC and AG, it will be seen 
that the compression ratio is constant along AG, and greater than for points 
along AC. Consequently the cycle temperature is higher along AG, and 
therefore the pressure at which detonation commences is less. A larger 
proportion of the charge therefore detonates as the commencing pressure 
gets lower, and consequently the final pressure is greater also. This 
accounts for the shape of the curves AD, AG; BE, BH; and CF, CK. 


CORRELATION OF OcTANE NuMBER SCALES. 


The methods described therefore give a means of evaluating fuels in 
terms of the maximum combustion pressures which can be employed with- 
out detonation occurring, on a standard engine running under standard 
conditions of speed, temperature and spark advance. The pressure scale 
is independent of the idiosyncrasies of any pair of reference substances, but 
it may readily be correlated with the octane—heptane scale on the particular 
engine employed. 

In Table IV are given octane numbers of six fuels, which are blends of 
Reference Fuel C.7 and A.3 and C.7 + lead, from the curves issued with 


Taste IV. 

, A.3. 40% A. 3/60% C.7 | 20% A.3/80% C.7 

Engine, P. | Oct.No. | Oct.No. 

8.30at212°F. .| 42 198 | 55 222 68 260 

8.30 at 300 . 414 156 | 54 174 674 202 

C.F.R. Engine | 44 260 | 56 274 69 295 
C.7. C.7+1 ¢.c. TEL per| C.7+2 ¢.c. TEL per 

| U.S. gallon. U.S. gallon. 

Oct.No. P | Oct.No. Oct.No. 
S.30at212°F. .| 744 285 | 834 338 87 370 
8.30 at 300 . ; 74 224) 84-7 280 89 318 
C.F.R. Engine. 75 306 | 83} 328 864 338 


P = Maximum quiet combustion pressure in Ib. /sq. in. 


these fuels by the Standard Development Co. and Ethyl Gasoline 
Corporation, together with the combustion pressures for incipient knock on 
the 8.30 engine at 212° F. and 300° F. and on the C.F.R. engine as obtained 
from Figs. 5 and 7. These results are plotted on Fig. 8, which shows 
C.F.R. and 8.30 at 212° F. results against those on the 8.30 at 300° F. 
Smooth curves are obtained indicating that satisfactory correlation can be 
achieved between different engines on a pressure basis. 
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Thus it is seen that the method of plotting on a pressure basis eliminates 
the complicated effects of the varying temperature susceptibilities of fuels 
compared with octane and heptane. 


EXTENSION OF THE OcTANE NuMBER SCALE. 


The occurrence and degree of knocking may be obtained directly from 
diagrams on the cathode-ray indicator or a pressure gauge in conjunction 
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and of determining octane numbers in the range 85-100 where difficulties 
are encountered with the C.F.R. motor method. 

In practice, the following procedure may be adopted, using the curve 
given in Fig. 7 for the C.F.R. engine for incipient knock as a basis. It wil] 
be understood that Fig. 7 applies to one particular C.F.R. engine only, and 
although the curve for other engines will not differ very greatly from the 
curve shown, it is desirable that similar curves be constructed (from at least 
ten points) as basic calibration curves for the particular C.F.R. engine 
employed. 

The method which is proposed involves two separate operations : (1) 
determination of incipient knock either by ear or preferably using a 
microphone or temperature plug. This operation involves in the case of 
the C.F.R. engines adjustment of the compression ratio under standard 
conditions so that a constant, very slight degree of knock is obtained, which 
is regarded as incipient detonation; (2) determination of the pressure by 
means of the procedure described earlier in the paper. 

The octane number is now read off from the curve (as Fig. 7). By means 
of the pressure gauge the pressure can be read to within less than 5 |b, 
which corresponds to a maximum difference of 1 octane number at 100 
octane number. 

Octane numbers both in the range 85-100 and above 100 can thus be 
determined by obtaining the pressure of incipient knock under standard 
conditions. 

It is generally felt that the C.F.R. engine is not satisfactory for the 
determination of octane numbers of the above ranges and alternative engines 
are being considered. Methods are proposed in the present paper (see 
particularly Fig. 8) which enable a comparison of octane number scales on 
different engines to be obtained, and thus even if the engine is changed, 
the octane number scale as obtained for the C.F.R. motor method can be 
retained as a standard scale of reference. 


In conclusion, the authors wish to thank Mr. C. H. Sprake for valuable 
assistance in the experimental work involved. 
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THE INSTITUTION OF PETROLEUM 
TECHNOLOGISTS. 


TRINIDAD BRANCH. 


Tue Fifth Annual Dinner of the Trinidad Branch of the Institution of 
Petroleum Technologists was held at the Queen’s Park Hotel, Port of 
Spain, on October 26th, 1935. Commander H. V. Lavington, R.N., was in 
the Chair, the guest of honour being His Excellency the Governor, Sir 
Claud Hollis, G.C.M.G., C.B.E., who was attended by Captain 8S. H. Batty- 
Smith, A.D.C. 


“ The Institution of Petroleum Technologists.” 


His Excellency the Governor, in proposing the toast of the Institution, 
referred to the importance to Trinidad of the oil industry, stating that in 
1934 the value of the exports of petroleum and petroleum products was 
nearly three million pounds sterling, or 63 per cent. of the value of the total 
exports for the Colony. 

The new Oil Mining Regulations issued in December 1934 were a great 
improvement on those previously in force. They had met with general 
approval except on the question of size of areas to be leased, regarding which 
there was a little difference of opinion. 

Although some people might regret some of the innovations caused by the 
use of oil, and deplore the toll of life and limb on the roads and the destruc- 
tien of amenities of the countryside, the world was greatly the gainer for 
the discovery and exploitation of petroleum. 

Most of the modern wars had been attributed to the search and fight for 
oil, but the work sponsored by the Institution offered one of the greatest 
fields for fostering friendly international relations. It had no national 
boundaries, and brought together individuals of different countries, who 
were bound by a common intellectual interest. 


Commander H. V. Lavington, in responding, said he had much pleasure 
in reading the following telegram, which had been received from the parent 
Institution :— 

“ Greetings from Institution Council and all good wishes for success- 
ful evening. Cadman, President.” 


The present year was an important one in the history of the Institution 
of Petroleum Technologists, and he was sure all would agree that it was a 
particularly happy coincidence for the Trinidad Branch that the President 
of the Institution this year was Sir John Cadman. His name would always 
be associated with those wise measures which helped to foster the Trinidad 
oil industry in its infancy. 

Looking back over the period since the foundation of the Institution, he 
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thought it could be said, without undue conceit, that the scientific results 
achieved by the Institution and by its members during that time had been 
of great practical benefit to the Industry and to the nation. He assured 
His Excellency that close attention was being paid by the members of the 
Trinidad Branch to those scientific measures which were necessary in order 
that the Colony’s petroleum resources should be exploited in the most 
.efficient manner. 

Each year saw a closer collaboration between science and industry and 
the displacement of rule-of-thumb methods in all branches of production, 
but the economic problems of the world seemed as far as ever from reaching 
a permanent solution. 

Individuals and nations were more than ever realizing the necessity for 
collective action, and at present the attempt which was being made to solve 
a political problem by these methods was being anxiously watched. 

He thought that the lessons to be learnt would enable a new International 
Economic Conference to be called, which would succeed in reconciling the 
divergent views and needs of the different nations and would attain a 
measure of success which would gradually restore stability to the world. 

He expressed his thanks to the Branch Committee for all the help they 
had so willingly given him throughout the year, and in particular to Mr. 
Wallace Reid, the Honorary Secretary, on whom fell the more arduous 
duties in connection with the Branch. They all regretted the decision of 
Mr. Hugh Scott to retire from the Branch Chairmanship at the end of last 
year, as it was largely due to his guiding hand that they were able to 
record continued progress. 


“ The Industries of Trinidad.” 


Colonel H. C. B. Hickling, in proposing this toast, referred to the 
difficulty of a planned economy under present economic conditions. 
Producers might look longingly to Russia, where rapidly increasing produc- 
tion was still unable to keep pace with consumption. In a loosely-knit 
Empire, where each unit controlled its own destiny according to its state of 
development, central control was out of the question. 


Mr. A. Emlyn, in reply, congratulated the oil industry on furnishing 
a large proportion of the Island’s exports. 


* Our Guests.” 


Mr. L. A. Bushe proposed the toast of “‘ Our Guests,” which was replied 
to by the Right Reverend A. H. Anstey, M.A., D.D., Lord Bishop of 
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WORLD PETROLEUM CONGRESS. 


TuE audited Statement of Accounts of the World Petroleum Congress 
held in London in July 1933 is presented herewith. 

The Council of the Institution of Petroleum Technologists again wish to 
express their appreciation of the generous financial support received as con- 
tributionstotheGuarantee Fund. Without theaid of these contributions an 
undertaking of the magnitude of the Congress would not have been possible. 

The support and assistance which the organizers of the Congress received 
from H.M. Government, the Governing Board of the Imperial College of 
Science and Technology, the Board of Governors of the Imperial Institute 
and numerous other public and private organizations and individuals have 
already been acknowledged by the President of the Congress (Mr. T. Dew- 
hurst) in the Preface to the published Proceedings. The Council of the 
Institution take this opportunity of endorsing the sentiments expressed 
in that Preface. 

The gratifying reception which has been accorded throughout the world 
to the Proceedings establishes the World Petroleum Congress of 1933 as 
a landmark in the development of petroleum technology. 

At the final Plenary Session on 25th July, 1933, it was resolved that 
the task of arranging the meeting place of the next Congress, to be held 
in 1936, be entrusted to the Institution of Petroleum Technologists. 
Towards the end of 1934 an endeavour was made to arrange for the Con- 
gress to be held in the United States in 1936. Unfortunately, owing to 
a number of circumstances, the negotiations were not successful. 

A Referendum was taken in July 1935 of the views of the members 
of the first Congress, seeking their approval of a modification of the above- 
mentioned resolution, and authorizing the Congress Executive Committee 
to postpone the Congress from 1936. The result of the referendum was 
practically unanimous in favour of postponement. 

An invitation was received from the Association Frangaise des Tech- 
niciens du Pétrole, of which society Colonel Louis Pineau is Honorary 
President and M. Charles Bihoreau is President, to hold the next Congress 
in Paris in June or July 1937. This date coincides with that of the 
Exposition Internationale, which is being organized by the French 
Government. 

The Council of the Institution of Petroleum Technologists were pleased 
to accept this invitation. The task of organizing the second World 
Petroleum Congress will devolve on the French Association, but the Council 
of the Institution will remain in close touch with arrangements. 


Joun CapMan, President, 
The Institution of Petroleum Technologists. 


November, 1935. 
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